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INTRODUCTION

This research proposal was the result of discussions and cooperations initiated long time ago bet-
ween twoe complementary Jaboratories ¢ 1) (he Laboratoire des Verres et Ceramiques at the University of
Rennes headed by Professor Jacques Lucas and 2) the Laboratory of Professor Joseph H. Simmons at the
Advanced Material Rescarch Center ; University of Florida , Gaitiesville , FL 32611 USA.

The first group is specialized in the development and characterization of new IR glasses , the se-
. cond laboratory has a recognized expertise in the investigation of the non linear propertics of glasses.
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OBJECTIVE

The TeX glasscs correspond to the acronym covering a large family of IR glagses based on the com-
bination of Tellurium Te , X= Bromine or Todine , Selenium , Arsenic or Germanium. They are characte-
rized by & large transparency domain covering the two atmospheric IR windows 3 - 5 pumi and 8 - 12 pm.
Due 10 a great flexibility in the chemical composition the objective was to control the variation of the
band gap absorption and 1o adjust it in a rather large domain lying from E=1.5eVt0 E=0.6eV. The
low band gap promises the highest Kerr effect seen in any glass according to the theory of Sheik-Bahae
and Van Stryland. ' '

The main target of this study was 1o prepare several new compositions of infra-red glasses, to cha-

 racterize them with respect to their stability versus crystallization and thermal behaviour. Thesc new

glasses prepared in a bulk disk shapes have then been investigated by optical measnrements in the region
of the band gep absorption.

THE GLASSES

The Laboratoire des Verres et Céramiques has 2 long experience in infra-red glasses preparation
and characlerization, Specially the glasses derived from the original binary Tellurium - Halogen (TeX)
systems have been optimized in order to control the glass transition temperature Tg and the resistance {o-
wards crystallization and water corrosion. Some totaly new chalcogenides compositions have been also
investigaied as long as they were l_eadirig to glasses with new interesting position of the band gap.

The main feature common to all these glasses is associated with the presence in their structwre of
chalcogen aloms exhibiting lone pair clectronic density. These lone pairs are responsible of the high po-
Jarisibility of the atoms and consequently of the potential high non lincar propertics.

Glass selection

Two familics of glasses have been selected for this siudy. The first one belongs to the Ge-Se-Sb
system and the second oné, to the TeX glass system,

The preparation of all the glnsses was the same, The raw materials are scparatcly purified in order

10 obtain pure glasses as shown in figure 1 and 2. Tellurium was plunged in a mixtore of IIB1/Br2 to cli-

- minate the oxides impurities. Selenium and arsenjc were respectively heated at 250°C and 350°C under
evacuation (o eliminate surface oxide impurities. Then, the purified compounds are scaled in a deshydra- |

tcd silica ampoule under vacuum ., The ampoule is heated in a rocking furnace at 600°C for several
hours.
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Figure 1: Apparatus for preparing the
" TeX glasses containing todine

Br, ' Measuring tube Vacuum

Te4-Set+As

"Figure 2: n?a‘zmmuwfor preparing the
' glasses containing bromine

The ampoule is then heated in a rocking furnace at 600°C for several hours. To obtain the core yod,
the ampoule was held vertically while cooling to room temperature as shown in figure 3,
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Mcelting

Coéling

Core

l*‘igure 3: Method for TeX gla.r.s- bulk
preparation

The glass transition lemperalum, Tg, measurements arc important to determinc if glasses could
withstand the service teraperature reqa:mmcnt for B particular apphcatlon

- The glass 1 has the followmg compps:tmn GcZchg. The Tg cquals to 146°C,

- The glass 2 has the foilowin'g composition GegnSegy and its Tg equals to S0°C. It is relatively
low because of the important quantity of Se.

- The glass 3 has the following composition GeygSezoSbyy and the Tg equals to 206°C.
- The glass 4 has the following r.."ompositio'n GeszgSegoShg and a Tg of 292°C.
This family has been inves"ligated because of high Tg. |

- The glass 5 has the following composition TeqSeqBrg and a Tg of 84°C wich is relatively low be-
cause of the presence of an halogen, This glass is chatacterized by a 1-D spaghelli structore and transpa-
rent in IR from 1 (o 20 pm. »

- The plass 6 has the following composition TepScy 5As41g 5 and a Tg = 130°C. Arsenic allows to
increase the dimensionality of the glass and also (he Tg. This glass has been selected because of its abili-
ty to be transforimed into IR optical fibers. In (his special optical configuration, with a core~clad guiding
structure, high optical confinment is possible and efficient non linear properiies can be achieved,
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~ The glass 7 has the following eomposition TeySezAsyBry mid a'Tgof 133°C, This glass is intor-
ested because of the Jarge IR oplical window of fibers in the 7 - 10 p,m ramgc '

The TeX family is vcry mlemsted because of its high remstancc apainst corrosion and crystalliza-
tion, and also its high facility to realise IR optical fibers.

Opftical properties gl'. glasses'

The TeX glasses have low photion energy, making this i‘amil}) of glasses transparent from I to 20
microns. The other {family based on thc Ge-Sc-Sb system has been mwstlgated becausc of jts lower band
gap energies.

At the Universily of Rennes, each glass was analysed by IR transmission and the band gap cnergy’
Ag was calculated for an absorption coefficient o = 10 em™, At the University of Florida, Absorbance
measures have been realized on the same samPles and the band gap cnergics Ag have been caleulated,
You will find each transmnss:on and absorbance spectrom in the annexe.

The refraction indice was xppasured for some TeX glasses and we have estimated another one.

- The glass 1, GeySegg, has a Ag = 0,704 pm. The transparcnby of this glass goes from 1 to 17 pm,
An cslimation of the refraciive index gives us n = 2.4,

- The glass 2, GeypSeg, heis a Ag = 0,738 pm. The transpamn@ of this glass goes from 1 to 20

- The glass 3, GejgSe70Sh li has a Ag = 0.740 pm. The traglézﬁarcncy of this glass goes from 110 17
- The glass 4, Ge3OSeme10.has a Ag = 0.810 pm. The transparency of this glas goes from 110 17

- The glass 5, TegSesBry, has a Ag = 1.020 pim. The measured refractive index n = 2.67. The IR op-
tical window pocs from 1 to 20 i,

- The glass 6,TeySeq 5As41p 5, has a Ag = 1.193 ym. The estimated refractive index 1 = 2.82. The.
transparency of this glass goes from 1 1o 18 pum,

- The plass 7, TepSe3AsyBry, has a Ag = 1.248 yim, The measured refractive index n = 2.87. The
transparency of this glass goes from 1 10 18 pm.

These new chalcogenideé glasses resist devitrification and water corrosion. Potential applications in
IR optics have been developped. The fibers operating in the 2 - 13 pm range have been tested for remote
spectroscopy, CO4 Jaser power delivery and pyrometry.
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Non-lnear opﬂcal propcrties of glassbs

Thie TeX glasses have vcry low band-edge absotption energios, consequently, they heve
extremcly polarizable valence electéon elonds; Tn addition, due 1o their latge atomic masses, their
outer electrons have lower binding energies than oxide plasses; Both these effects combine 1o
suggest a very large non-lmear ophcal (NLO) coefficient, mcludmg 8 very large electronic Kenr
Effect. ,

Current models {for NLO models suggest thet the electronic Kerr Bffect which has a
characteristic time in the femioseoond range controls the NLO behavior of glasses al wavelengths
longer thau twice the absorption edge wavelength of the glass, at which point two-photop
absorption bc['ms to doministe NLO behavior. Therefore, in. order to measure true Kerr Bffoct
non-linearities, if is moessary to conduct tests at wavelengths mauy times the abaomtmn edge
wavelength.

Tests were oonducted at the Umversnty of Florida on several Te}( glasses, however, data
is only eurrently available on sample 2 with an absorption edge at 0.738m. The tests were
conducted using a carbon dioxide laser with light at 10.6um, well awdy from any multi-photon
absorption prooess in this glass 'Iherefote, the tosts measured the true electronic Kerr Effect.

The test sot up was dbmgmd L
following the z-soan method of Sheik-Bahae :
and co-workers [M. Sheik-Bahae, A. A. Sald, ———1  CorbonDicxideZarer |

T. . Wei, D. I, Hagan and E. W, Van - . _ ' R ;
Siryland, IREE Y, Quant, Electronics 26, 760 “‘M
(1990)). A diagram of the apparatus is shown. .

The laser beam is divided into two equal Lane  awple Dusceor
beams, one for reference and the other for the
measurement. The light from the second
beam is focused by a lens and passes through
the sample on its way to an aperfuie and a Dessvtor

detector. As the sample is positioned along

the path of the beam, fixst befors the focal,

point, then past the focal point, the refractive

index of the sample will deflect and move the actual focal pomt thus Increasing or decreasing the
intensity of the hight st the detector. Yf the sample has a negative NLO cocfficient, it will move
the focal point closer to the aperture when located before the focal point and fhus increase the
intensity. As the sample is moved through the focal point, it will further defocus the beam
reducing the inlensity. Thus, the jutensity difference for a negative NLO matorial will be positive
then nepative. By symmetry, the intensity difference for a positive NLQO material will be negative
then positive. Of course, the eleotronic Kers Effect will create a positive NL.O coefficient,
thercfore, one expects that the z-scau data will be nepative then positive, Moasuremenis abtained
on suruple 2 are showit in the attached Figure. It is clear fromn the data that the electronic Kerr
Effect only occurs for the 4.4 watt beam power. At higher powers the observed nonlincatity is

_ hegative, indicating that the effect is thermal. In this case, the iemperatute dependence of the
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NLO coefficient is negative,
The duta can be usoed .10 oaléu!até the NLO coefficient of sample 2 .ﬁmn the equation:
AeLAT '
CHy MO BV s
250 (1-e0y

where o = speed of Jight in vacuum, n, = linear refractive index, and AT, is the maximum
change in intensity in poing aoross the fuon! point. The intensity term io the denominator when
applied to TeX glasses must also take into account the large refloctivity coefficicats
demonstrated by these materials. A preliminary caloulation yields & NLO coeffisient of about
1%10% esu which is 100,000 tiwes latper than (8, or the highest measured lead-bismuth-gallate
glass to date. When contidéring the Two-photon-Absorption mode) of Sheik-Bahse end co-
workers, which shows that the Kerr NLO coeffioient will scale in the order of the bandgap
encrgy to the Ath power, we conipate the load-bismith gallate glasses with absorption edges at
470 nin with sample 2 having an edge at 738 am, the model only predicts an improvemont of a
factor of 6 instead of the large figure obtained hicre, Consequently, other mechanisms arc
contributing to the added nonlinearity, including the non-oxide anton. This process is under
further investigation, as is the thermal contcibution. Other TeX plasses will bs studied.
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